HE midline vestigial appendage, the so-called "tail," is quite rare and usually a benign anomaly consisting of a dermal sinus and various meningeal and neural structures. It usually requires only cosmetic reconstruction. 2, 7, 8 We describe a patient born with a dorsal midline proboscis who presented with tethered spinal cord syndrome. The proboscis consisted of a lipomyelomeningocele that contained a hemicord as the neural element. The split cord was tethered by a diastematomyelic bone spur and surrounding fibrous tissue. Surgical repair and untethering with preservation of the hemicord by meticulous dissection resulted in neurological improvement.
We describe a patient born with a dorsal midline proboscis who presented with tethered spinal cord syndrome. The proboscis consisted of a lipomyelomeningocele that contained a hemicord as the neural element. The split cord was tethered by a diastematomyelic bone spur and surrounding fibrous tissue. Surgical repair and untethering with preservation of the hemicord by meticulous dissection resulted in neurological improvement.
Case Report
This patient was born a healthy baby girl at full term, as a normocephalic, without a family history of spina bifida. Spontaneous movement and responses to painful stimuli were appropriate. No urinary dribbling was observed.
Congenital anomalies included: 1) A fingerlike appendage protruding from the midline of the lower back (Fig.  1) ; 2) right talipes equinovarus and left foot eversion; and 3) bilateral dislocation of hip joints that was corrected soon after birth.
Examination. At 2 years of age she presented with inability to walk. Accentuated lumbar lordosis and scoliosis to the left with clockwise rotation viewed from cephalad to caudad were noted. A 7.5-cm long, triply segmented fingerlike appendage was protruding from a 1-cm semispherical skin elevation (like a mound) of 4 cm in diameter in the upper lumbar area (Fig. 1) . The sensation of appendage skin seemed to be intact to pinprick, and occasional erections of the appendage were observed. Weakness (2/5) of the left lower extremities included: anterior tibialis, peroneus longus, gastrocnemius, and flexors and extensor muscles of the toes. A loss of pinprick sensation was noted in the left foot extending to the lower leg. The stronger right leg could barely support her weight. Knee and ankle reflexes were hyperactive bilaterally, and a questionable anal reflex was noted. Electromyographic activity and nerve conduction were within normal limits.
Radiographic Findings. Review of plain x-ray films identified spina bifida associated with a diastematomyelic septum and widely spread pedicles and articular processes (Fig. 2 left) . Computerized tomography myelography showed a split spinal cord (Fig. 2 center) , which united above and below the septum. Both hemicords were separately involved with dural closure defects, with the transdural extension of subcutaneous lipomata to both hemicords (Fig. 2 center) . Magnetic resonance imaging studies confirmed the midline spinal cord above and below the bony septum (Fig. 2 right) .
Operative Findings. The bifurcation of the spinal cord was found above the cephalic end of the diastematomyelic septum, at the level of the L2-3 intervertebral space. The left hemicord exited the left vertebral canal, entering the mound portion of the proboscis. The hemicord looped in the base segment of the fingerlike portion of the pro-boscis, returned to the mound portion, and then reentered the caudal canal at the level of the L3-4 interspace. The spinal cord was found to be circumferentially surrounded by subarachnoid fat, giving the impression of a diameter three times that of the normal cord.
In the fingerlike portion, the arachnoid membrane, which was thicker than usual due to fibrosis, was covered by a thin muscle layer. The muscle layer became suddenly thick in the mound portion, forming a muscular ring. This ring surrounding the base of the looped hemicord in the mound portion was noted to be continuous to aberrant muscles that covered the dysraphic dorsal L-2 and L-3 vertebrae. These aberrant muscles connected to the normal paravertebral muscles (cephalic and caudal to the diastematomyelic septum) were also covered by, and partly blended into, the thick (1-5-mm) fibrous tissue underneath the subcutaneous fat.
The spinal cord was found tethered at its cephalic bifurcation by severe fibrotic adhesion of arachnoid tissue around the cephalic end of the diastematomyelic septum, and fibrosis formed around the left hemicord. Fibrous tissue inside and outside the dura in this area was removed millimeter by millimeter until the bifurcation became completely free from adhesive fixation (Fig. 3) .
Operative Procedures. Two separate midline skin incisions were made at the T11-L1 and L-4 vertebral levels; these incisions were connected by an elliptical incision around the base of the proboscis (L1-3). Normal paraspinal muscles were separated from the T-12 and L-1 laminae and the L-4 lamina, followed by laminectomies at these levels. Subcutaneous fat tissue at L2-3 was dissected from the underlying thick fibrous tissue. After removal of the fibrous tissue, two aberrant muscular bundles were exposed and found loosely attached laterally to widespread paravertebral muscles along the articular processes. With microscopic magnification, the muscle ring was completely isolated from the surrounding fat, aberrant muscles, and fibrous tissue at the base of the proboscis. The muscle ring encircling the left hemicord was transected in the mound portion. The thin muscle layer was then isolated from the surrounding subcutaneous tissue of the finger portion and separated from the underlying arachnoid circumferentially to the fat-covered spinal cord. During the dissection, the thin muscular layer was found to be innervated by multiple small (approximately 100-200-) nerve fibers, apparently arising from the underlying spinal cord and penetrating through the subarachnoid fat tissue. Bipolar cauterization of these nerve fibers elicited muscle contraction within the proboscis. These contractions confirmed the observation of preoperative proboscis erection. Meticulous piecemeal resection of the subarachnoid fat tissue was then performed in the proboscis until the underlying spinal cord was exposed in the entire proboscis. Thus, the spinal cord was relaxed as a freely movable loop and then reflected laterally. The crotch of the cephalic spinal cord bifurcation was isolated by first dissecting the thickened fibrous arachnoid tissue inside the dura, then by dissecting the fibrotic tissue from the dura along the cephalic end of the septum.
The arachnoid defect that developed after dissection was closed posteriorly with a silastic sheet cut into the shape of an inverted Y. The hemicords below the bifurcation were each covered by one of the inferior limbs of the inverted Y, and the cord above the bifurcation was covered by the trunk portion. The edge of the silastic sheet was sutured to the surrounding arachnoid membrane, including the crotch portion of the split cord. The dura was closed from the T11-L1 and at the L-4 vertebral levels. Two aberrant muscle bundles were placed longitudinally between the widely spread normal paravertebral muscles. Routine subcutaneous and skin closure was accomplished. Anesthesia lasted 17 hours for the surgery, which required extensive, meticulous dissection of the spinal cord, particularly of the left hemicord. At the conclusion of surgery, cord untethering was considered adequate to relieve the tension of the spinal cord. There was no evidence of cord tethering at the caudal end of the septum, which was located a few centimeters above the caudal reunion of the two hemicords.
Postoperative Course. With progressive improvement in motor and sensory functions, the patient gained the ability to walk with crutches and a short brace on her left leg, and later without crutches.
At 12 years of age, the patient returned to our clinic with complaints of low-back pain during flexion/extension type exercises. Marked scoliosis was observed with a convexity toward the left in the thoracic levels and toward the right in the lumbar region. Motor function in the right lower extremity was normal. The strengths of the muscle around the left hip joints, quadriceps, hamstring, and gastrocnemius were 3-4/5; dorsiflexion of the foot and toes, 0/5; and plantar flexion of the foot and toes, 4-/5. Patellar and achilles reflexes were 1+/4 on the right and 0/4 on the left. Patchy sensory decreases to pinprick were detected in the left leg. Light touch and vibration senses were also decreased in the left foot. The trochanter-lateral malleolus distance was 4 cm shorter on the left than the right leg. Spinal cord tethering at the lower end of the diastematomyelic septum was demonstrated by magnetic resonance imaging (Fig. 2 right) .
Second Operation. The previous incision was reopened and the left hemicord was exposed by removing the silastic covering. There was no blood clot or scar formation inside or outside the silastic. The right hemicord was underneath the right half lamina, which had grown at L-2 and L-3 since the previous operation. This lamina was removed until the right hemicord was exposed to the cephalic and caudal convergence of the split cord. Excessive tension of the spinal cord was noted above the caudal end of the bony septum. Removal of the entire bony septum with a diamond drill, alternated with ron-
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Hemilipomyelomeningocele proboscis 711   FIG. 2 . Imaging studies. Left: Plain x-ray films demonstrating spina bifida at T9-S2, widened interpediculate distances (maximal at L-3) with segmentation and fusion anomalies at L1-S2. There were 11 ribs with a normal number of cervical, lumbar, and sacral vertebrae. The lamina of the L-2 vertebra and medial one-fourth of the right L-3 lamina were defective at L1-4. There was a segmented bone spur (arrows) with laminar elements attached that divided the spinal canal and cord in two. Center: Computerized tomography myelography of the lumbar spine after administration of intrathecal contrast medium. The left hemicord (arrow) was noted to leave the spinal canal at L-2 and enter the base of the proboscis (arrow) accompanied by spinal nerve roots, leptomeninges, cerebrospinal fluid, and lipoma. The right hemicord did not form a lipomyelomeningocele but showed intraspinal and extraspinal fat tissue (arrow). Right: A T 2 -weighted sagittal magnetic resonance imaging. The split cord was interposed by this large centrally located spur (S), which arose from the abnormally segmented L2-4 vertebral bodies. FIG. 3 . Schematic drawings of the diastematomyelia demonstrating the spinal cord tethered at the cephalic end of the bony septum at the first surgery and at the caudal end at the second surgery. The inset shows the bony septum, fibrous tissue, and posterior longitudinal ligament adhering to the dura and arachnoid at the bifurcation of the split cord.
geurs, and of the dura and fibrous tissue surrounding the bony septum resulted in relaxation of both hemicords.
The ascension of the spinal cord after the previous untethering was attributed to more rapid growth of the spinal column than the spinal cord. The filum terminale was visceroelastic and therefore was not sectioned.
Discussion
This case presented with a proboscis that contained an hemilipomyelomeningocele at the lumbar level. This anomaly is different from the sacrococcygeal tail proboscis consisting of meninges and medullary vestige that often tethers the cord. [1] [2] [3] [9] [10] [11] 13, 15, 17, 19 Tethered cord syndrome is usually seen in patients with an elongated cord attached by a nonvisceroelastic structure, such as a fibrous filum terminale, tumor, or scar tissue. 6, 7, 12, 16, 18, 20, 22, 23 Tethering of the spinal cord can also occur in patients with diastematomyelia. 4, 5 The cause of cord tethering is usually the excessive tension that exists between the attachment of the lowest dentate ligament and the caudal edge of the lumbar or sacral septum where the dura and arachnoid are adherent to the split cord. 22 This fibrous adhesion accentuates the tethering of the split cord. Another tethering point is often found at the caudal end of the spinal cord, 6 which is attached to an inelastic filum, but this did not occur in our case.
In the present case, the split cord was initially tethered at the cephalic end of the septum where severe adhesion was formed. Cord tethering was also affected by the fibrous tissue surrounding the cephalic portion of the hemicord. At the second surgery, tethering was noted at the caudal end of the septum. 5 There were severe motor and sensory deficits in the left distal lower limb that may have been caused mainly by cord tethering. However, two other factors may contribute to these deficits: 1) possible dysgenesis of neurons in the left hemicord associated with multiple anomalies; and 2) ischemic effects of scar formation along the septum, which was denser on the left than on the right. 14, 21 True diplomyelia has two perfectly formed spinal cords, or duplication of vertebrae, and nerve roots that exit the intervertebral foramina bilaterally (that is, diploradicula). 5, 12 The term diastematomyelia indicates complete sagittal transection of a single spinal cord into left and right halves, which reunite below the midline septum. In our case, the left hemicord outside the spinal canal had poorly developed nerve roots (believed to be L-2 and L-3 roots) supplying only aberrant musculature accompanying the spinal cord through the proboscis, outside the spinal canal. Two hemicords were confirmed to be united in the caudal canal during the second operation.
The proboscis that contains a hemilipomyelomeningocele and is associated with a diastematomyelia and tethered cord syndrome is a unique and rare condition. Cord untethering requires the removal of a diastematomyelic septum and surrounding scar tissue, in addition to repair of the lipomyelomeningocele. In our case removal of the bony septum was accomplished at the second operation. The presence of a proboscis must alert the physician to be aware of tethered cord syndrome.
